Background {#Sec1}
==========

Spontaneous isolated superior mesenteric artery dissection (SISMAD) is a rare vascular disorder. First reported in a case series by Bauersfeld in 1947 \[[@CR1]\], it is increasingly recognized using imaging techniques. Conservative treatment, endovascular treatment, and open surgical repair are the main treatment strategies. Open surgery is indicated in patients who have intestinal necrosis \[[@CR2]\]. As recommended by the European Society of Vascular Surgery (ESVS) guidelines, conservative treatment is the first-line therapy for symptomatic patients \[[@CR3]\]. However, conservative treatment as an initial treatment had unsatisfactory results in some symptomatic patients. Garrett reported that the failure rate of initial conservative treatment was approximately 16% in the symptomatic SISMAD patients, and some severe complications occurred \[[@CR4]\]. During the follow-up period, 20% of the patients with initial conservative treatment ultimately underwent endovascular treatment \[[@CR3]\]. Follow-up imaging showed that only 25% of the patients with conservative treatment achieved complete remodeling, and 12% had morphological progression \[[@CR5]\]. Conservatively treated patients might be at risk of symptom recurrence and disease progression in the long term.

The effectiveness and safety of endovascular treatment have been proven in previous studies \[[@CR6]--[@CR8]\]. During mid-term follow-up, endovascular treatment was associated with a high primary stent patency rate and a low cumulative event-free survival rate \[[@CR2]\]. According to the ESVS guidelines, endovascular treatment could be indicated when patients are not responding to conservative treatment or with suspicion of bowel ischemia \[[@CR3]\]. However, due to its minimal invasiveness and favorable outcomes in the long term, endovascular treatment might be the first-line treatment as well, and further studies are needed.

The long-term outcomes of conservative treatment and endovascular treatment in symptomatic SISMAD patients remain to be compared. In this study, we summarize our experience with both treatments, with the goal of determining the optimal treatment strategy.

Methods {#Sec2}
=======

Study population {#Sec3}
----------------

This study retrospectively analysed the data from 42 consecutive SISMAD patients who were admitted to the study hospital between October 2009 and May 2018. The diagnoses of SISMAD were based on computed tomography angiography (CTA) or magnetic resonance angiography. Patients were excluded if they 1) were asymptomatic; 2) had aortic dissection, systemic vasculitis, or other autoimmune diseases; or 3) were treated with open surgery.

Patients were divided into a conservative group (15 patients) and an endovascular group (27 patients) according to their first treatment in the study hospital. Information including baseline characteristics, treatments, and outcomes was collected from the medical records. Yun's classifications were used for describing the features of dissections (Type I: dissections with patent true lumen and false lumen and revealing both entry and re-entry sites; Type IIa: dissections with patent true lumen but no re-entry site in the false lumen; Type IIb: dissections with patent true lumen and thrombosed false lumen; and Type III: dissections with completely occluded superior mesenteric artery (SMA)) \[[@CR11]\]. All radiographic findings were based on CTA or digital subtraction angiography.

Treatment strategies {#Sec4}
--------------------

The treatment algorithm was based on the clinical features of each patient. If a patient had a history of symptom recurrence after conservative treatment or a ruptured dissecting aneurysm or if he or she was suspected of having intestinal ischemia, endovascular treatment was indicated. Other patients had medical treatment only. If a patient had persistent symptoms or signs after at least 7 days of conservative treatment, endovascular intervention was considered.

Conservative treatment included strict blood pressure control, bowel rest, antiplatelet therapy, and anticoagulation therapy. Fasting was used for patients with severe symptoms or signs, and diets were resumed as soon as the symptoms and signs disappeared. The antiplatelet therapy regimen included aspirin, clopidogrel, or both, and the course was 3 to 6 months. Anticoagulation medications, including warfarin, low-molecular-weight heparin, or rivaroxaban, were used when thrombus existed.

Stent placement (usage of bare metal stents) was the main method of endovascular intervention. The use of a single stent or overlapping stents depended on the lengths of the lesions. Balloon angioplasty was used for the lesions with severely stenosed or completely occluded true lumens. Patients with successful intervention took either aspirin alone, or aspirin and clopidogrel for at least 6 months. Patients with thrombus took aspirin and one anticoagulant after stent placement.

Follow-up {#Sec5}
---------

Patients were required to attend outpatient clinic visits at 3 months, 6 months, 1 year, and annually thereafter. Both clinical and radiographic evaluations were applied. CTA and Doppler ultrasonography were the main methods used to assess the lesions. Complete remodeling was defined as the complete disappearance of the dissection in the SMA, without arterial stenosis or thrombus. For patients with recurrent symptoms, laboratory and radiographic examinations could help identify the causes. When other causes were excluded, revascularization was considered in these patients if they had severe stenosis or occlusion in the SMA.

Statistics {#Sec6}
----------

Student's *t* test, the Wilcoxon rank-sum test, and Fisher's exact test were used to compare the results of the study population. Kaplan-Meier analysis was performed to estimate the event-free survival rate, and a log-rank test was applied to compare the two groups. The appearance of any symptoms related to SISMAD (relapsing abdominal pain and other abdominal discomfort) was defined as an event. A *p* value \< 0.05 was considered to be statistically significant in all analyses. Statistical analyses were performed using IBM SPSS Statistics software, version 22.

Results {#Sec7}
=======

Clinical characteristics {#Sec8}
------------------------

Baseline characteristics, including age, sex, comorbidities, clinical manifestations, and laboratory and radiographic results, are summarized in Table [1](#Tab1){ref-type="table"}. The mean age of the patients was 52.3 ± 7.3 years, and only two patients (1 in the conservative group and 1 in the endovascular group) were women. Comorbidities included hypertension, diabetes mellitus, and hyperlipidemia, and smoking had a high prevalence (16/42, 38.1%) among the patients. Abdominal pain was the chief complaint of 38 (90.5%) patients. Intestinal obstruction occurred in 4 patients, and all these patients underwent endovascular treatment. Most patients showed normal results in white blood cell count, high-sensitivity C-reactive protein, and erythrocyte sedimentation rate. However, hyperhomocysteinemia was common in these symptomatic SISMAD patients. There were no statistically significant differences in any of these characteristics between the two groups. Table 1Baseline characteristics of patients with SISMADTotal (*N* = 42)Conservative group (*n* = 15)Endovascular group (*n* = 27)*p* valueAge, mean ± SD, years52.3 ± 7.351.4 ± 6.652.8 ± 7.70.563Men, n (%)40 (95.2)14 (93.3)26 (96.3)1.000Comorbidities, n (%) Hypertension23 (54.8)10 (66.7)13 (48.1)0.337 Diabetes mellitus6 (14.3)2 (13.3)4 (14.8)1.000 Hyperlipidemia19 (45.2)7 (46.7)12 (44.4)1.000 Smoking16 (38.1)5 (33.3)11 (40.7)0.746Clinical manifestations, n (%) Abdominal pain38 (90.5)14 (93.3)24 (88.9)1.000 Nausea and vomiting11 (26.2)5 (33.3)6 (22.2)0.481 Diarrhea2 (4.8)1 (6.7)1 (3.7)1.000 Abdominal distention7 (16.7)1 (6.7)6 (22.2)0.390 Hematochezia3 (7.1)1 (6.7)2 (7.4)1.000 Intestinal obstruction4 (9.5)04 (14.8)0.279Laboratory findings WBC, mean ± SD, 10^9^/L6.4 ± 2.36.2 ± 1.66.6 ± 2.70.579 hsCRP, median(IQR), mg/L1.17 (0.48, 6.72)0.69 (0.48, 8.47)1.17 (0.47, 6.41)0.983 ESR, median(IQR), mm/h11.0 (2.5, 21.0)8.0 (2.0, 12.0)12.5 (5.8, 22.25)0.525 HCY \> 15 μmol/L, n (%)12 (60.0)6 (75.0)6 (50.0)0.373Radiographic findings True lumen stenosis (\> 70%), n (%)17 (40.5)6 (40.0)11 (40.7)1.000 Occlusion in the true lumen, n (%)9 (21.4)3(20.0)6(22.2)1.000 The distance from the SMA ostium to the beginning of the dissection, mean ± SD, mm19.3 ± 12.214.0 ± 6.321.2 ± 13.20.184 Length of the dissection, mean ± SD, mm43.0 ± 21.142.6 ± 19.343.2 ± 22.20.948 Dissection aneurysm, n (%)26 (60.5)10 (66.7)15 (55.6)0.531 Branch involvement, n (%)24 (57.1)5 (33.3)19 (70.4)0.027 Yun's classification I, n (%)1 (2.4)0 (0)1 (3.7) Yun's classification IIa, n (%)15 (35.7)5 (33.3)10 (37.0) Yun's classification IIb, n (%)19 (45.2)7 (46.7)12 (44.4) Yun's classification III, n (%)7 (16.7)3 (20.0)4 (14.8)*WBC* white blood cell, *hsCRP* high-sensitivity C-reactive protein, *ESR* erythrocyte sedimentation rate, *HCY* homocysteine, *IQR* interquartile range

The radiographic findings of both groups were compared. Severe stenosis and complete occlusion in the true lumens were common in the patients. Most of the dissections were located close to the SMA ostium, and the mean distance was 19.3 ± 12.2 mm. The mean lengths of the dissections were similar between the two groups. Dissection aneurysms (at least 1.5 times larger than the normal SMA) and branch involvement were frequently observed. Because of the high prevalence of thrombus, Yun's type IIb (19, 45.2%) was the most common type.

Treatments and outcomes {#Sec9}
-----------------------

The treatments and outcomes in both groups are summarized in Table [2](#Tab2){ref-type="table"}. Medical treatments including blood pressure control, bowel rest, anticoagulation therapy, and antiplatelet therapy were indicated in both groups. Of the patients in the conservative group, 93.3% (14/15) experienced symptom relief. Only one patient had no improvement in symptoms after 7 days of treatment, and he later received endovascular treatment. Table 2Summary of treatments and outcomes in symptomatic SISMAD patientsConservative group (*n* = 15)Endovascular group (*n* = 27)*p* valueMedian hospital stay (IQR), days9 (3, 15)9 (7, 11)0.813Blood pressure control, n (%)10 (66.7)13 (48.1)0.337Bowel rest, n (%)8 (53.3)18 (66.7)0.511Median fasting time (IQR), days1 (0, 6)1 (0, 5)0.818Anticoagulation therapy, n (%)9 (60.0)20 (74.1)0.488Antiplatelet therapy, n (%)9 (60.0)23 (85.2)0.128Technical success, n (%)NA23 (85.2)/Stent placement, n (%)NA23 (85.2)/Balloon angioplasty, n (%)NA7 (25.9)/Outcomes Symptom resolution, n (%)14 (93.3)26 (96.3)1.000^a^Complications, n (%)01 (3.7)1.000 Mortality, n (%)001.000^b^Follow-up Median time (IQR), months25 (8, 55)29 (17, 48)0.333 Symptomatic, n (%)6 (42.9)1 (4.8)\< 0.001 Intestinal necrosis, n (%)001.000 Underwent endovascular intervention, n (%)4 (28.6)NA/ Secondary endovascular intervention, n (%)NA1 (4.8)/ Disease unrelated mortality, n (%)01 (4.8)1.000^c^Complete remodeling in the SMA, n (%)1 (9.1)^d^13 (86.7)\< 0.001*IQR* interquartile range, *NA* Not applicable^a^Includes one case of pseudoaneurysm formation in the left brachial artery^b^The results of 14 patients in the conservative group and 21 patients in the endovascular group (Patients who had a failed endovascular intervention were excluded)^c^The results of 11 patients in the conservative group and 15 patients in the endovascular group who had follow-up computed tomography angiography^d^One patients had in-stent restenosis and one patient had occlusion in the distal SMA

The technical success rate in the endovascular group was 85.7% (23/27). The procedure failed in four patients because the guide wires could not enter the completely thrombosed true lumens (the details are summarized in Table [3](#Tab3){ref-type="table"}). These four patients had medical treatment later, as they were not suspected of having bowel ischemia. The 23 patients with successful intervention had 37 bare metal stents deployed in total, 19 of whom had a single stent and 8 had overlapping stents. Seven patients had balloon angioplasty. Only one patient had abdominal pain 2 days after the intervention. However, the pain continued, and the cause was unclear after all examinations. There was only one case of a procedure-related complication: one patient had pseudoaneurysm formation in the left brachial artery. The patient had a second surgery for repair. Table 3Summary of the four patients who had a failed endovascular interventionNo.Age-rangesSexComorbidityIndicationYun's classificationReason for failureTreatmentFollow-upDuration, monthsSymptomsRadiography160--64MaleHypertensionSymptom recurrence after conservative treatmentIIbFailure in true lumen cannulationEndovascular→Conservative12NoneAbsent260--64MaleDiabetes mellitusPersistent pain after conservative treatmentIIIFailure in true lumen cannulationEndovascular→Conservative16Intermittent abdominal painNewly appeared aneurysm345--49MaleNonePersistent pain after conservative treatmentIIIFailure in true lumen cannulationEndovascular→Conservative16Intermittent abdominal painEnriched collateral branches445--49MaleHypertensionPersistent pain after conservative treatmentIIIFailure in true lumen cannulationEndovascular→Conservative37NoneIncreasing diameter in SMA

Follow-up {#Sec10}
---------

There was a loss of contact with four patients in the follow-up period. Of the 38 patients with successful follow-up, the median time was 28.5 (15.5--48.0) months (Table [2](#Tab2){ref-type="table"}). Six (42.9%) of the patients in the conservative group had recurrent symptoms. Symptoms included abdominal pain, diarrhea, and abdominal discomfort. Four of these symptomatic patients had endovascular intervention within less than 2 months after discharge, and none of them had any symptom recurrence after the interventions.

Among the patients who had a successful endovascular procedure, only 1 patient had recurrent symptoms during follow-up. He had a second endovascular intervention because severe in-stent restenosis was observed. One patient in the endovascular group died due to an unrelated reason. The symptom-free survival rates of both groups are shown in Fig. [1](#Fig1){ref-type="fig"}. The endovascular group had a significantly longer time of symptom-free survival (*p* = 0.014). The 1-year event-free survival percentages were 64.3% in the conservative group and 95.0% in the endovascular group. Fig. 1Kaplan-Meier curve for symptom-free survival in SISMAD

Eleven patients in the conservative group and 18 patients in the endovascular group had radiographic examinations during the follow-up period. Figure [2](#Fig2){ref-type="fig"} shows two cases from the different groups. In the conservative group, complete remodeling appeared in only one patient. However, among the patients with successful stent placement, 86.7% (13/15) had complete remodeling in the SMA, which was significantly higher than the conservative group (*p* \< 0.001). Fig. 2Two cases of SISMAD patients. **a** & **b** A patient of Yun's type IIa who had incomplete remodeling after 1 year of conservative treatment (**a** before treatment; **b** 1 year after discharge). **c**, **d**, **e**, and **f** A patient of Yun's type IIa who had successful endovascular treatment and showed good stent patency during follow-up (**c** & **d** CTA and digital subtraction angiography \[DSA\] before the intervention; **e** DSA after stent implantation; **f** follow-up CTA after 2 years)

Of the four patients who failed in the endovascular treatment, none had additional invasive treatment during follow-up. Two of them had symptom recurrence, and two had morphological progression (Table [3](#Tab3){ref-type="table"}). Because there was no evidence of bowel ischemia, medical treatment was continued under close surveillance.

Discussion {#Sec11}
==========

Due to the low prevalence of SISMAD, the treatment strategy is still under debate. Some patients have severe complications, such as intestinal necrosis; in such cases, open surgery is inevitable. Conservative treatment is recommended as the first-line therapy for most patients \[[@CR3]\]. However, some patients had symptom recurrence after conservative treatment, and some required additional intervention \[[@CR5]\]. Endovascular treatment has shown favorable outcomes, in both the perioperative and follow-up periods \[[@CR2], [@CR12]\]. The indications of endovascular treatment should be further investigated.

With the development of imaging techniques, SISMAD is increasingly being recognized, but the aetiology is unknown. The disease seems to be associated with male gender (90%), hypertension (41%), and smoking (45%) \[[@CR5]\]. However, the prevalence of diabetes mellitus was relatively low (8%) \[[@CR3]\]. Min and his colleagues compared the occurrence sites of the dissections and atherosclerotic plaques of SMA. The vast differences showed the opposite aetiology of atherosclerotic plaques and dissections \[[@CR13]\]. The disease might also be associated with the morphology of SMA, and a case-control study demonstrated that SISMAD patients had larger mean SMA-distal aorta angles than healthy volunteers \[[@CR14]\]. We observed that 60% of our patients had hyperhomocysteinemia, which might be another risk factor for SISMAD. In addition, SISMAD patients require some radiographic examinations to confirm if their conditions are combined with other vascular diseases.

Radiographic results are associated with the severity of SISMAD to some extent. Symptomatic patients had longer lengths of dissections and shorter diameters of true lumens \[[@CR15]\]. Currently, Sakamoto's and Yun's classifications are proposed to assess SISMAD \[[@CR11], [@CR16]\]. Yun's classification \[[@CR11]\] mainly focus on the patency of SMA, and both true lumen and false lumen are included. Studies have shown that Yun's type IIb comprises approximately half of SISMAD patients \[[@CR5]\] and is the most common type. In addition, stenosis or occlusion in the true lumen, dissection aneurysm, and branch involvement were frequently observed in our patients. These radiographic features could provide guidance on the treatment strategy, which should be further studied.

Initial conservative treatment is safe for asymptomatic SISMAD patients \[[@CR5]\]. In symptomatic patients, although conservative treatment is an effective way to relieve symptoms \[[@CR9], [@CR15], [@CR17], [@CR18]\], the outcomes are not satisfactory in the long term. From 12.3 to 18.1% of the initial conservatively treated patients required additional treatments (endovascular treatment or open surgery) \[[@CR19]--[@CR21]\]. Follow-up radiography also suggests that conservative treatment alone may not be able to cure the disease. As Wang reported, only 25% of the SMAD patients had complete remodeling during follow-up, and 12% showed morphologic progression \[[@CR5]\]. In our experience, 42.9% of the patients in the conservative group had symptom recurrence during follow-up, and 28.6% had additional endovascular treatment. Therefore, close surveillance was necessary for these patients.

Due to the high rate of symptom recurrence in the conservative group, more evidence is needed to identify the high-risk patients. According to our experience, severe true lumen stenosis or occlusion might be an important risk factor. A total of 66.6%(6/9) of the patients in the conservative group who had severe true lumen stenosis or occlusion had symptom recurrence during follow-up; however, none of the other 5 patients had symptom recurrence (*p* = 0.031). Li and Qiu proposed their modified classifications, where dissections with severe true lumen stenosis or occlusion were classified into different subtypes \[[@CR2], [@CR22]\]. Severe true lumen stenosis was considered as an important indication of endovascular intervention in some studies \[[@CR6], [@CR23], [@CR24]\]. However, there are no robust data on the associations between the radiographic results and prognosis, which remain to be further investigated.

The indications of endovascular treatment include persistent pain, aneurysm progression, and suspicion of bowel ischemia \[[@CR5], [@CR18], [@CR25], [@CR26]\]. In our center, endovascular treatment was also indicated in patients who had symptom recurrence after conservative treatment. Endovascular treatment was both safe and effective. Procedure-related complications have rarely been reported in the literature \[[@CR10], [@CR12], [@CR27]\]. After the intervention, symptoms disappeared in most patients, even in those with extremely severe symptoms.

Endovascular intervention in SISMAD patients had a relatively high rate of technical success \[[@CR22], [@CR28], [@CR29]\]. There were four cases of technical failure, and all of them were associated with the failure of true lumen cannulation. In accordance with the previous studies \[[@CR27]\], severe true lumen stenosis or complete occlusion might be the most common reason for technical failure. In the long term, these patients would be at high risk of symptom recurrence, and open bypass surgery might be the next step \[[@CR3]\].

The long-term outcomes of endovascular treatment have been reported in several studies in the literature \[[@CR7], [@CR27], [@CR30]\]. Long-term complications included stent stenosis, stent occlusion, and stent thrombosis \[[@CR7], [@CR8], [@CR27]\]. Endothelial injury, neointimal hyperplasia, and chronic inflammation could be the causes \[[@CR31], [@CR32]\]. However, the incidence was relatively low, and only 2.1% of the endovascularly treated patients had a secondary intervention \[[@CR5]\]. In our experience, only one patient had in-stent restenosis and had stent implantation for the second time. None of the remaining 20 patients with successful stenting had recurrent symptoms. These results showed the good prognosis of endovascularly treated patients.

The symptom-free survival of the two groups was significantly different (Fig. [1](#Fig1){ref-type="fig"}, *p* = 0.014). Although both treatments had a high rate of symptom relief, conservatively treated patients were more likely to have recurrent symptoms during follow-up. Furthermore, patients in the endovascular group had a higher rate of SMA remodeling (*p* \< 0.001). These results indicate that endovascularly treated patients had better outcomes in the long term, suggesting that endovascular treatment might also be an appropriate first-line treatment for symptomatic SISMAD patients.

The limitations of this study are as follows. 1) It was a retrospective study, and all data were collected from a single center. 2) Some patients did not have any imaging examinations during follow-up. 3) The potential associations between the radiographic findings and prognosis were not analysed. Further studies are needed.

Conclusions {#Sec12}
===========

To conclude, both conservative treatment and endovascular treatment can effectively relieve the symptoms of SISMAD patients in the short-term. In the long term, compared with conservative treatment, endovascular treatment had a lower rate of symptom recurrence and a higher rate of complete remodeling. Prospective, multi-center studies are needed to confirm the long-term outcomes of both treatments.

SISMAD

:   Spontaneous isolated superior mesenteric artery dissection;

ESVS

:   European Society of Vascular Surgery;

CTA

:   Computed tomography angiography;

SMA

:   Superior mesenteric artery.
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